S-I. XPS analysis of pristine Brookite and H:Brookite samples

S-II. Structure parameters
Theoretical calculations based on density functional theory were performed to support the experimental results. Stabilized structure parameters of brookite and four cases of hydrogen doped brookite after relaxation were calculated. As seen from Table S1 and Figure 2a , brookite had two distinguishable oxygen sites, which had different bond lengths and bond angles with nearby Ti atoms. Thus, hydrogen atoms could be interstitially or substitutionally doped at two different sites.
In the case of interstitial doping, hydrogen atoms prefer to be located perpendicular to the Ti-O-Ti plane, as shown in Figure S3b , and S3c; this location is known to be stable. 1 Table S1 shows the structure parameters of two possible interstitial doping states. The strong O-H bonding of approximately 1Å due to interstitial doping of hydrogen causes the doped brookite structure to be stable. In the case of substitutional doping, hydrogen atoms replace the oxygen at sites 1 or 2; the crystal structure and structure parameters of substitutional doping states are presented in Figs. S3d and S3e and Table S2 . The differences of bond length and angle are compared in Table S3 . The bond lengths and angles of interstitial doped brookite were more greatly changed compared to those of substitutional doped brookite because of the strong O-H bonding of the interstitial doped brookite. Figure S2 . Crystal structure of (a) brookite, (b) interstitially doped brookite at site 1, (c) interstitially doped brookite at site 2, (d) substitutionally doped brookite at site 1, and (e) substitutionally doped brookite at site 2.
S-IV.
Density of states of pristine, interstitially, and substitutionally doped brookites Figure S3 . Total and partial density of states of (a) brookite, (b) interstitially doped brookite at site 1, (c) interstitially doped brookite at site 2, (d) substitutionally doped brookite at site 1, and (e) substitutionally doped brookite at site 2.
S-V.
Band structures of pristine, interstitially, and substitutionally doped brookites Figure S4 . Band structures of (a) brookite, (b) interstitially doped brookite at site 1, (c) interstitially doped brookite at site 2, (d) substitutionally doped brookite at site 1, and (e) substitutionally doped brookite at site 2.
S-VI.
Analysis of EIS data: parameters of brookite and H:brookite determined by fitting the electrical circuit model. For nitrogen doping of TiO2, the fabricated brookite nanostructures were annealed at 700 °C in a tubular furnace for 2 hours in a 67% NH3/33% Ar mixed gas flow. However nitrogen doped brookite (N:brookite) has poor photoresponse which is even lower than brookite. From the DFT calculation results of nitrogen doped brookite, nitrogen and oxygen make strong chemical bonding, which weaken Ti-O chemical bonding of the structure. As a result, nitrogen doped brookite has unstable structure, which may explain the degraded PEC performances of nitrogen doped samples. 
